SummAry in order to analyze the diagnostic efficiency of saccadic and pursuit eye movements compared to findings from brain magnetic resonance imaging in patients with central vertigo, 108 patients were selected from 580 dizzy patients as cases of suspected central origin; the saccadic and pursuit eye movements were evaluated by electronystagmography and findings were compared to information from magnetic resonance imaging. The study of oculomotor movements in patients suspected of having a central lesion revealed a 83.3% sensitivity and 21.2% specificity. restricting consideration to severe alterations in eye movements as indicative of a central origin, this test gives a 71.4% sensitivity and 50.0% specificity. in conclusion, the study of alterations in oculomotor movements, in patients with suspected central lesions, proved to be a test with good sensitivity also compared with results of magnetic resonance imaging.
Introduction
dizziness is a sensation of movement referred to the environment or to the individual. it is the main symptom of a disorder in the system of balance. The case history and objective examination may indicate whether the origin of the symptom is central or peripheral; however, in many cases, it is difficult to make this distinction without the use of neuroimaging. it is not practical to have all patients with dizziness of "suspected" central origin undergo magnetic resonance imaging (mri): hence it is necessary to draw up further criteria of selection, in conjunction with clinical criteria, which make it possible to restrict suspected cases of a central lesion to a limited number of patients who would then undergo brain mri.
Since dizziness stems from an alteration in a complex system which involves functions of a vestibular, proprioception and visual nature, reports in the literature have often proposed studying eye movements in order to diagnose whether balance disorders are of central origin. Aims of this retrospective study were to analyse the diagnostic efficiency of the study of saccadic and smooth pursuit movements, compared to findings from brain mri, in dizzy patients.
Materials and methods
This study comprises 580 outpatients recruited for symptoms of dizziness between January 2004 and July 2008. All the patients underwent vestibular evaluation in accord-ance with a pre-defined diagnostic procedure: case history, search for spontaneous nystagmus, head-shaking test, positional and positioning tests (dix-hallpike's test and Semont's diagnostic manoeuvre), otoscopic examination, caloric tests according to Freyss, objective neurotological examination including static and dynamic postural tests (e.g. romberg's test, the star shaped test), cerebellar tests (index-nose and heel-knee), evaluation of cranial nerves, of sensitivity and of force, and tonal audiometry. dizziness was classified as of central origin if at least one of the following criteria was present: positive case history for TiA of the vertebrobasilar circle in the presence of risk factors for cardiovascular disease and co-existence of a form of dizziness with specific clinical features 1-3 ; presence of an up-beat or down-beat nystagmus (ny), disassociated ny, alternating ny, unfailing ny; presence of a persistent, stationary positional ny without latency; positive neurological examination; persistent bilateral hyper-or hypo-reflectivity to caloric tests, vestibular decruitment ("a unique phenomenon encountered when a weak vestibular caloric stimulation creates a stronger nystagmic response than a substantially stronger stimulus produces") 4 ; pathological alteration in the visual Suppressor Test (vST) 5 . of the 580 cases, dizziness was classified as central in 166 (28.6%), and peripheral in 319 (55%). The 319 cases of peripheral dizziness were then subdivided into benign paroxismal positional vertigo (Bppv) in 253 cases (79.3%), ménière's disease in 30 cases (9.4%) and vestibular neuronitis in 34 cases (10.65%). in 95 of the 580 patients (16.3%), no definitive diagnosis has yet been reached. All 166 patients classified as central, besides undergoing the diagnostic procedures described above, also underwent electronystagmography to evaluate saccadic and pursuit eye movements. A digital electronystagmography from micromedical Technologies inc. (Chatam, Canada) was used for this purpose. The parameters used to evaluate horizontal saccadic movements were: latency time, maximum peak speed and accuracy. The pursuit system was analysed using the parameter gain which expresses the relationship between the speed of the eye movement and the speed of the target. Two tests were carried out for the saccades: one with 30 movements of the target, at a fixed range of 10 degrees, and one with 30 movements of the target, at a random range to a maximum of 30 degrees (in order to exclude automatic movements). in the smooth pursuit test, evaluation included at least 3 eye movements for frequencies of 0.1 hz, 6 movements for frequencies of 0.2 hz and 12 movements for frequencies of 0.4 hz of pendular oscillation of the target. in a previous step, the results of saccadic and smooth pursuit eye movements were standardised according to age range; a digital electronystagmography from micromedical Technologies inc. (Chatam, Canada) was used for this purpose. normative data related to age band (18-40 years; 40-60 years; 60-70 years; 70-80 years and > 80 years) that take into consideration latency time, maximum peak speed and accuracy of saccadic movements and the parameter gain, which express the relationship between the speed of the eye movement and the speed of the target, for the smooth pursuit movements. All patients studied for the standardization of data were not affected by vertigo or dizziness. in evaluating the caloric tests, according to Freyss, the normative parameters usually applied in this insitute were adopted. with regards tovST, a Fixation index < 50 was considered normal. of the 166 central patients, 108 were selected for the study and underwent brain mri with contrast medium. The remaining 56 cases were excluded from the study since, at the first check-up, carried out 30 days after electronystagmography, the clinical situation had returned to normal and/or on repeating the preliminary investigations obtained with the instrumentation tests and/or clinical evaluation. the situation was seen to have been resolved; for these patients, it was not considered appropriate, or necessary, to carry out brain mri with contrast medium. Statistical methods: calculations were made of sensitivity, specificity, the positive and negative predictive factors and the diagnostic accuracy of saccadic and smooth pursuit movements; mri was taken as reference test (gold Standard) in order to evaluate eyes movements as a diagnostic test. Crude sensitivity and specificity were computed separately for each test. The number of valid cases for each combination Test/gold Standard has been presented, and for continuous covariates the median, first and third quartile have been computed. Sensitivity and specificity have been evaluated for each Test, adjusting for the age of the patients. Adjustment has been performed estimating a gee model 6 for sensitivity and specificity separately 7 , inserting age as a covariate. p values have been reported, and significance assessed with a level reference of 0.05. The diagnostic procedures adopted were in accordance with the ethical standards of the Committee on human experimentation of the institution or in accordance with the helsinki declaration of 1975, as revised in 1983, and the study was approved by an ethics Committee.
Results and analysis
The study included 108 patients (63 female and 45 male), aged between 18 and 88 years, mean age 68.6 years. The alterations indicative of central vertigo, highlighted during clinical evaluations, are outlined in Table i . The diagnostic procedure was completed with tonal audiometry in all cases, with an echodoppler of the neck vessels in 12 cases (11.1%) and brainstem electric responses (BSer) in 8 cases (7.4%). All 108 patients in the study, underwent brain mri. A total of 42 cases out of 108 (38.8%) were classified as positive following mri (Table ii) . mri find-ings which showed signs of general cerebral atrophy were considered negative (17 cases), whereas mri findings showing signs of chronic cortical or subcortical ischaemia were considered positive (16 cases) 8 9 . eye movement responses were then correlated to mri findings (Table iii, 1st and 2nd row). Alterations in eye movements, taken as the finding of at least one parameter being altered among latency, accuracy and speed of saccades and gain of smooth pursuit correlates with a positive mri in 35 cases (32.4%), whereas in 52 cases (48.1%), the mri findings were negative. in 14 cases (12.1%), neuroimaging was carried out despite negative eye movement tests because of persistence or changes in the clinical situation and/or instrumentation tests: the results were negative for both tests. on the other hand, there were only 7 cases (6.4%) in which negative saccadic and pursuit results were in conflict with positive neuroimaging findings. The study of eye movements correlated with mri findings offers a sensitivity of 83.3%; the low specificity (21.2%) is related to the large number of eng false positives (52 cases). The correlations between saccades and smooth pursuit and neuroimaging were then evaluated separately ( Table iii, 3 rd to 6 th row). evaluation of pursuit raises a sensitivity of 71.4%, a specificity of 40.9% and diagnostic accuracy of 52.7% whereas evaluation of saccades shows a slightly higher sensitivity (73.8%), but a lower specificity (33.3%) and accuracy (49.0%) compared to smooth pursuit (Fig. 1) . Statistical analysis of the results gave a statistically significant difference only for the parameter specificity (p = 0.0003). using the two evaluations in conjunction (saccades + smooth pursuit), significantly increases sensitivity from 73.8% to 83.3% (Fig. 2) , with a decrease in specificity from 40.9% to 21.2%. when data are analysed, these differences are statistically significant for both parameters (p < 0.001). The entity of the alteration of visuo-oculomotor movements was then subdivided into severe and mild, and the findings of neuroimaging were then correlated to severe For the purpose of this study only severe alterations were taken into consideration. For saccades, it was arbitrarily decided to consider the alteration "severe", in the presence of at least 2 of the 3 parameters (speed, latency and accuracy), with values exceeding the normal limits by at least 20%. For smooth pursuit movements, the alteration was considered severe if gain values exceeded the normal limits by at least 20%. The 12 cases (11.1%) found positive by mri were without severe alterations in saccades or smooth pursuit, making the method 71.4% sensitive. Compared to the evaluation of both mild and severe oculomotor alterations (Fig. 3) , this test is less sensitive (71.4% vs. 83.3%), but more specific (50.0% vs. 21.2%). when data were analysed these differences were statistically significant both for parameter sensitivity (p < 0.001) and parameter specificity (p < 0.001).
Discussion
in this study, the diagnostic efficiency of saccadic and pursuit eye movements were evaluated in relation to findings from brain mri in patients with dizziness of a possibly central origin. our study arbitrarily assigns a diagnostic value of "gold standard" to mri rather than eye movement findings: this enabled us to calculate the sensitivity and specificity of electronystagmographic methods compared to neuroimaging. Since a statistically significant correlation was recorded between patient age and positive neuroimaging findings, the sensitivity and specificity parameters were adjusted for the patients' age class: this allowed us to evaluate the results of the oculomotor tests regardless of the effect of the patient's age. previous studies, while throwing light on the role of eng in vestibology, have studied the diagnostic value of visuo-oculomotor movements considering a positive neuroimaging response as a criterion of recruitment for the studies 4 8 10-14 . This approach to recruitment, which only includes true positives in the study, makes it impossible to correctly verify the diagnostic sensitivity and specificity of a method. on the contrary, in our study, cases were recruited from a heterogeneous group of 580 outpatients who, at the time of our evaluation exhibited dizziness of an unknown origin, possibly of central or peripheral origin. using inclusion criteria based on routine clinical practice (case history, search for nystagmus characteristic of central origin, caloric tests, vST, etc.), 166 patients were selected with features suggesting that the dizziness might be of central origin, regardless of whether the findings of neuroimaging, unknown at the time of recruitment, were positive or negative. The eye movements of these patients were recorded by eng with the aim of evaluating the diagnostic efficiency of visuo-oculomotor movements in the diagnosis of central dizziness. Among the patients with negative eye movements, 58 were excluded from the study since, at the check-up time, the clinical situation or instrumentation tests had improved or been resolved. only patients with negative eye movements who, during the check-up, exhibited persistence or deterioration of the symptoms (19 cases) underwent mri and were then included in the study. This approach of carefully selecting patients probably modified the "crude" values of sensitivity and specificity which can be obtained with oculomotor tests; however, it was not considered advisable, even within the framework of an experimental study, to perform radiological examinations using contrast media on patients whose clinical Fig. 1 . Evaluation of sensitivity, specificity and accuracy of saccadic movements compared to smooth pursuit movements. Fig. 2 . Evaluation of sensitivity and specificity with saccades and smooth pursuit in conjunction compared to single methods. Fig. 3 . Evaluation of sensitivity, specificity and accuracy of severe alterations in oculomotor movements compared to alterations taken as a whole (serious and mild).
situation had improved and who did not present alterations in eye movements. previous studies reported conflicting values regarding the sensitivity of visuo-oculomotor movements 7-9 15 16 , whereas our study showed a high sensitivity of visuo-oculomotor movements (83.3%). The 7 false negative cases could have been caused by organic lesions which can be identified by mri but do not involve the cerebral areas investigated in functional terms by eng, hence giving false negatives in oculomotor tests 17 . on the other hand, the small number of false negatives observed could be due to exclusion from the study of 58 patients who were negative for visuo-oculomotor movements but did not undergo brain mri because, at the time of the check-up, they had either improved or recovered: it cannot be ruled out that some cases, albeit negative in clinical and/or instrumental tests at the time of the check up, would have shown radiographic lesions which were not clinically evident, possibly because the patients were already in a phase of clinical -functional recovery. regarding the parameter specificity of eye movements reported in our study, this was low (21.2%) compared to the results obtained by herr who reports a specificity of 92% 15 . The large number of false positives in our study (52 out of 108 cases) might be due to a number of reasons. First and foremost, it is possible, as several Authors maintain 17 18 , that some proportion of central pathologies, responsible for oculomotor alterations, cannot be identified by neuroimaging. This hypothesis of understaging by neuroimaging would appear to be further validated by the coexistence, in some patients, of electronystagmographic alterations which are associated with alterations found in a neurological examination and a protracted, significant or deteriorating clinical situation. These findings would appear to support the suspicion that there is a central pathology which cannot be pinpointed radiologically. regarding the low specificity obtained, it must be pointed out that in a number of cases the results of the recordings of eye movements might have been altered because some patients, especially the elderly, had difficulty in understanding the task to be carried out. moreover, the many false positives, which characterise results of visuooculomotor movements, might also be correlated with having applied excessively wide criteria for oculographic abnormality. A wide variability in the range of normal responses has been reported in the literature, which at times makes it difficult to evaluate results
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. To investigate the efficiency of the abnormality criteria applied, we decided to re-evaluate the results on the basis of stricter oculographic criteria, i.e., only cases of severe alterations of eye movements were considered positive for eng ( Table ii, 7 th to 8 th row). Compared to a decrease in sensitivity from 83.3% to 71.4% (p < 0.001), there was a significant drop in the number of false positives, from 52 to 33 (specificity 50.0%), with an increase in diagnostic accuracy (Fig. 3) . These results suggest that in order to diagnose central vertigo, the study of oculomotor alterations is more efficient if only severe alterations are considered 20 . if, on the other hand, we wish to use visuo-oculomotor movements as a screening test, it is preferable, in order to maintain a better sensitivity, to consider positive patients with mild alterations. with specific regard to saccadic and smooth pursuit movements, several Authors have reported a larger number of alterations in smooth pursuit movements compared to saccades for patients suffering from central lesions 7 9 17 18 21-25 . our experience indicates that evaluation of pursuit shows a similar sensitivity (71.4% vs. 73.8%) but higher specificity compared to evaluation of saccades (40.9% vs. 33.3%) (Fig. 1) . using the two evaluations together (saccades + smooth pursuit) significantly increases sensitivity from 73.8% to 83.3%, making it a more efficient diagnostic method, especially for screening purposes, than the study of single movements (p = 0.0013 and p < 0.001) (Fig. 2) . mri abnormalities reported in Table i were the findings obtained with mri in patients with vertigo; however, these abnormalities are not necessarily related to vertigo or any oculomotor system disorder. To clarify this aspect, the lesions reported by mri were correlated anatomotopographically to the anatomical cerebral structures involved in the electrophysiology of ocular movements. The lesions highlighted by mri and reported in Table i all involved at least one anatomical subunit correlated to visuoculomotor movements. in particular, the saccadic system depends on higher structures, such as the frontal and parietal lobes, basal ganglia, superior colliculus and cerebellum, which are important to determine how the brain stem circuits, that generate saccades, are triggered. moreover, other anatomical structures involved are the caudal pons which is important for horizontal saccades and the rostral mesencephalon for vertical saccades 26-28. Smooth pursuit movements, on the other hand, depend on the striate cortex (primary visual cortex-area 17 Brodmann), extra-striate visual areas (such as middle temporal visual area, middle superior temporal visual area and posterior parietal cortex), dorsolateral pontine nuclei, flocculus and dorsal vermis (lobules vi-vii) of the cerebellum, vestibular nuclei, ocular motor nuclei and ocular nerves (iii, iv, vi) 29 . most of the patients (16 cases) had cortical/subcortical multi-infarction and this is often seen in elderly patients as asymptomatic infarct or lacunes; to exclude this, in our study, the parameters of ocular movements were standardised according to age band; hence it is probable that patients' symptoms and altered ocular movements do not depend on age, which has been taken into account, but probably on the lesions highlighted by neuroimaging. The typical alterations in saccade movements, correlated to an advanced age, result in an increase in latency time, lower maximum peak speed and accuracy, and, with regard to pursuit movements, a reduced capacity to reach the speed of movement of the target.
Conclusions
in this study, single parameters which characterized saccadic movements (i.e., latency time, maximum peak speed and accuracy) were not evaluated since they were investigated exclusively together. So the most important parameters in order to make a diagnosis of central vertigo are:
• the study of alterations in oculomotor movements in patients with suspected central lesions proved to be a test with good sensitivity (83.3%); • the diagnostic efficiency of saccadic and pursuit movements is higher if only severe alterations in eye movements are considered indicative of a central origin; • the evaluation of smooth pursuit movements gives a comparable sensitivity but a higher specificity than evaluation of saccades, hence giving a better diagnostic performance; • using the study of saccadic and pursuit movements together provides statistically better results than when the methods are used on their own.
